Smart fault current controller (SFCC) proposed in our previous work consists of a power converter, a high temperature superconducting (HTS) DC reactor, thyristors, and a control unit [1] . SFCC can limit and control the current by adjusting firing angles of thyristors when a fault occurs. SFCC has complex structure because the HTS DC reactor generates the loss under AC. To use the DC reactor under AC, rectifier that consists of four thyristors is needed and it increases internal resistance of SFCC. For this reason, authors propose a hybrid type superconducting fault current limiter (SFCL). The hybrid type SFCL proposed in this paper consists of a non-inductive superconducting coil and two thyristors. To verify the feasibility of the proposed hybrid type SFCL, simulations about the interaction of the superconducting coil and thyristors are conducted when fault current flows in the superconducting coil. Authors expect that the hybrid type SFCL can control the magnitude of the fault current by adjusting the firing angles of thyristors after the superconducting coil limits the fault current at first peak.
INTRODUCTION
An increase of the power consumption causes a power shortage and to solve power shortage, transmission capacity in the power grid should be growing. Due to the increase of the transmission capacity, fault current level may increase. This causes circuit breakers installed in the grid do not appropriately operate because the fault current can exceed rated capacity of circuit breakers [2] . Therefore, installed circuit breakers need to be replaced with higher capacity devices. However, it has difficulty with cost problem. To overcome this problem, decreasing level of the fault current in the grid by installing SFCL has been actively considered.
SFCL does not affect the power grid system during normal operation, however once the fault occurs, the fault current is limited by the SFCL due to generated resistance by quench of a superconducting coils. Using the SFCL in grid system has an advantage that existing circuit breakers do not need to be replaced since SFCL makes the fault current lower [3] .
However, SFCL has following demerits. SFCL limits the fault current applying a quench characteristics of the superconducting coils and using the quench characteristics can damage of the superconducting coils. Also, the superconducting coils should have enough recovery time to maintain superconducting state and the recovery time is supposed to be shorter than the reclosing time of protection devices in the grid system for appropriate power supply. In addition, much more cost of cooling system is needed because the quench of the superconducting coils are causing the Joule heat, so that coolant is more consumed.
To complement the demerits of SFCL, this paper suggests a hybrid type SFCL consists of a resistive type superconducting coil and two thyristors. For analysis of SFCL, we designed the resistive type superconducting coil and a thyristor control circuit for control the fault current.
To supplement the demerits of SFCLs, this paper suggests the hybrid type SFCLs which consist of the resistive type superconducting coil with thyristors. For analysis of SFCLs, we designed the resistive type superconducting coil and the thyristor control circuit for control the fault current. Technology that control the fault current using thyristors was already conducted and suggested through our previous works [1] , [4] . In this paper, we propose the concept of the hybrid type SFCL, and then compare the hybrid type SFCL with the resistive type SFCL based on circuit simulation. Fig. 1 shows the schematic diagram of the hybrid type SFCL.
OPERATING PRINCIPLE
Before the fault occurs, phase angle of thyristors is zero and thyristors act as diodes. When the fault occurs, the current that flows in coil is rapidly increased. At this time, the superconducting coil limits first peak of fault current and a control circuit calculates proper phase angle of thyristor according to the control algorithm. After the half cycle passed at the first peak, a control unit supplies gate signals to thyristors. These gate signals can control the level of the fault current by adjusting firing angle. It should be selected in a range of 0° to 180° to limit the first peak of the fault current. Fig. 2 shows the operating characteristics of a thyristor when phase angle is α.
SFCL DESIGN AND SIMULATION SETUP

Resistive Type Superconducting Coil
The resistive type superconducting coil is designed for simulations of the hybrid type SFCL. The superconducting coil is designed with the non-inductively wound coil. When fault current flows in the superconducting coil, value of resistance is as in [3] .
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In equation (1)- (4) (1)- (2) since the cooling conditions are not be considered. Design parameters for the superconducting coil are organized in Table 1 .
Thyristor Control Circuit
The control circuit should control fault current by controlling the phase angle of thyristors through the gate signals. Therefore, calculating the proper phase angle is very important factor in development of the proposed hybrid type SFCL. Through previous works, the thyristor control circuit was studied and this type use four thyristors, however, the hybrid type SFCL uses only two thyristors and it is relatively easier to design the controller since the hybrid type SFCL has more simple structures than the A numerical study on the feasibility evaluation of a hybrid type superconducting fault current limiter applying thyristors thyristor control circuit of SFCC. Parameter and simulation result of designed control circuit is shown at Fig.  3 . To output the appropriate phase angle after fault, control circuit should find the zero crossing point. Control circuit supplies gate signals to thyristors based on this point.
Simulation Setup
To simulate the hybrid type SFCL, a commercialized simulation parameters are shown in table II. As normal state (I < I limit ), system of the hybrid type SFCL has only line resistance and load resistance. I limit is critical current of the superconducting coil. However, line current increases abruptly after short-circuit fault and resistance of the superconducting coil is increased as shown in equation (2) .
At the same time, control circuit calculates the phase angle and then specific firing angle outputs to thyristors. These parameters are shown at Fig. 4. 
SIMULATIONS AND ANALYSIS
To evaluate operating characteristics of the hybrid type SFCL, the simulation results of with and without the hybrid type SFCL are compared. Compared simulation results are shown at Fig. 5 . After short-fault occurs at the time denoted as 0.1 s, it is maintained for 0.1 s. The first peak current is 2 kA when an SFCL. The first peak current is 2 kA when a SFCL does not exist, however, it is suppressed under 1.25 kA by the hybrid type SFCL. First peak of fault current is reduced by the superconducting coil. After the first peak, the fault current is reduced by interaction of the superconducting coil and the thyrisitor control circuit.
Even though the thyristor control circuit is supposed to calculate the proper phase angle in real state, the angle 0° to 180° are selected to prove a function of the fault current controlling. Simulation results as shown in Fig. 6 , the target levels of current are controlled by variation the controlling the phase angle of thyristor can reduce the energy that is generated by the fault current.
CONCLUSION
This paper proposes a hybrid type SFCL to limit fault current. The hybrid type SFCL consists of a resistive type superconducting coil and a thyristor control circuit. Performance characteristics of the hybrid type SFCL are limiting the fault current by interaction of a superconducting coil and the thyristor control circuit.
The first peak of fault current is limited by the superconducting coil and the fault current except for the first peak is controlled by thyristors that can control the current by adjusting firing angle. However, characteristic on the recovery of the superconducting coil can't be confirmed because cooling conditions are not considered.
However, through the waveform of simulation results, it can confirm that the fault current is limited by the thyristor controller. Interaction of the superconducting coil and the thyristor control circuit should reduce the load of the superconducting coil. Fault current cannot flow in the hybrid type SFCL during turn-off time of thyristors, turn-off time can help the superconducting coil to recover after fault clear.
It is expected that thyristor controller reduces the impact of the superconducting coil and decreases the recovery time of the superconducting coil after quench. Also, usage of superconducting wire and cooling costs can be reduced.
For the practical verifications, many other characteristics of the superconducting coil like the cooling performance, the recovery performance, and the variable resistance should be considered.
